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Abstract 
Solar energy is a renewable energy source more than capable of meeting the world’s 
energy demand if properly harnessed. New thin film solar cell technologies such as organolead 
halide perovskite (OHP) solar cells have recently gained prominence for their rapidly increasing 
power conversion efficiency (PCE) and the possibility of low-cost scalable fabrication methods, 
such as screen printing and ink-jet printing. Unfortunately, these perovskites are typically 
unstable when exposed to either humidity or light, thus limiting their usefulness. One method to 
increase the stability of a common photovoltaic perovskite, methylammonium lead iodide 
(MAPI), is to create a layered 2D MAPI material by adding a bilayer of n-butylammonium 
spacer molecules to the crystal structure. The reason that this 2D structure is more stable, 
however, is not well understood. By using a variety of electrochemical and analytical techniques, 
we found that the improved stability in such materials is a result of a 2D perovskite specific 
degradation pathway that produces increasingly stable phases of the 2D perovskite, primarily at 
the exposed upper layer of the perovskite. These stable phases create a passivating layer and act 
to slow further degradation reactions. Using this knowledge, we tested a surface treatment 
designed to form 2D perovskite on the surface of a MAPI solar cell and showed that even a thin 
layer of 2D perovskite on MAPI can effectively delay device deterioration and preserve 
conversion efficiency. Furthermore, the choice of alkylammonium spacer can affect the stability 
of the solar cell when different electrode materials are used, providing a possible route to create 
stable solar cells using cheaper materials. 
  
Background 
With the rise of renewable energy, solar technology is an active area of research, 
potentially able to meet the world’s energy needs if completely harnessed. Current commercial 
solar cells are made of silicon and are approaching the theoretical limit of 33.7% efficiency for a 
single material. To further improve on solar efficiency, different materials are currently being 
studied to be used in conjunction with silicon solar cells to improve photoconversion efficiency 
(PCE). Organolead halide perovskites are one of the most promising candidates for next-
generation thin film solar cells. Most organolead halide perovskite devices are Pb-based and 
have reached PCEs greater than 25% in just 10 years, making them a promising alternative to 
silicon solar cells or as an extra photo-absorbing layer in solar cells. 
Perovskites are any material which follows 
the general formula ABX3, where A is typically a 
small organic cation with a 1+ charge, B is a metal 
cation with a 2+ charge, and X is a halide anion. 
However, perovskites tend to degrade when 
exposed to humid conditions, limiting their utility. 
While moisture driven degradation can be mitigated 
by encapsulating the perovskite solar devices, the 
fundamental chemical instability must be addressed 
in future devices to make them commercially viable.  
In order to increase the stability of Pb-based 
perovskites, scientists have begun to explore 2D 
Ruddlesden-Popper phase perovskite material, 
which are perovskites with a bilayer of 
alkylammonium cation spacer molecules added to 
the crystal structure. This addition changes the 
general formula APbX3 to A’2An-1PbnX3n+1, where n 
(n-value) is the number of PbI6
4- composing the 
perovskite layer between each alkylammonium 
bilayer and A’ is the newly introduced spacer organic cation (Figure 1). Due to quantum 
confinement, perovskites with different n-phases have different band gaps, allowing them to 
absorb and emit light at different wavelengths. Starting with one of the most common 
perovskites, methylammonium lead triiodide (MAPI), spacer molecules, such as n-
butylammonium (nBA) and n-hexylammonium (nHA), can be added to form 2D Ruddlesden-
Popper perovskites. These perovskites not as moisture sensitive as MAPI and can remain 
functional for longer. This improved stability has been attributed to the hydrophobicity of the 
larger alkyl spacer molecules, a 2D perovskite specific degradation pathway, and improved 
thermodynamic stability of the 2D perovskites. However, the exact mechanism has not been well 
understood. 
In this work, we found evidence to support a 2D perovskite specific degradation pathway 
when the perovskites were exposed to moisture.1 To do this, we used a variety of spectroscopic 
Figure 1: Crystal structures of Ruddlesden-





performed the best, maintaining a significant portion of their efficiency for over 40 days. 
 
Discussion 
Taking all of the electrochemical, photoluminescence, and ToF-SIMS data, we found that 
the 2D perovskites (nBA-MAPI) was more stable than the general 3D perovskite and improve 
the stability of a 3D perovskite if even a thin layer of 2D perovskite was formed on the top 
surface of a 3D perovskite. There are a few hypotheses that explain the improved stability of 2D 
perovskites, and this data supports a degradation pathway-based hypothesis. In this degradation 
pathway specific to 2D perovskites, the perovskite can decrease its n-value by one. An example 
for n=4 nBA-MAPI degrading into n=3 nBA-MAPI is as follows. 
(𝑛𝐵𝐴)2𝑀𝐴3𝑃𝑏4𝐼13 (𝑛 = 4)  
𝐻2𝑂
→   (𝑛𝐵𝐴)2𝑀𝐴2𝑃𝑏3𝐼10 (𝑛 = 3) + 𝑀𝐴𝑃𝑏𝐼3 (𝑛 = ∞)  
This degradation pathway not only allows the perovskite to still function as a photoactive 
material, since they still have perovskite properties. These lower n-value perovskites have also 
been shown to possibly be more thermodynamically stable than their higher n-value 
counterparts.4 This pathway and improved stability is supported by our photoluminescence 
experiments and our electrochemical stability tests (Figure 2 and 3). 
The ToF-SIMS experiments sheds further light on the degradation process of these 
perovskites, indicating that important degradation processes occur at the upper C60/perovskite 
interface. These degradation processes likely do not occur uniformly, otherwise they would 
inhibit electron transfer (Figure 7). Since the degradation processes initially occur on the upper 
surface, a treatment was developed to create a thin layer of 2D perovskite on top of a primarily 
3D perovskite. This 2D/3D perovskite was significantly more stable than the 3D perovskite and 
could provide a simple method to improve the stability of 3D perovskites. 
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